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To determine the effect of reduced coronary blood flow
on myocardial thallium-2Ot clearance over a range of
flows, miniature radiation detectors were inserted into
the left ventricular apex and positioned against the an-
terior and posterior endocardial walls in 21 dogs. Thal-
lium was administered intravenously and myocardial
tracer activity was monitored continuously for 1 hour
in both walls. A balloon occluder was then partially
inflated around the left anterior descending coronary
artery in 19 dogs, producing a range of anterior wall
blood flow reductions as assessed by the microsphere
technique. Thallium activity was monitored continu-
ously for 3 hours in both walls. Two dogs served as
control animals and had no coronary artery occlusion
at 1 hour. At the end of the 4 hour experiment, the dogs
were sacrificed and the hearts counted in a well counter.
The 19 dogs with coronary artery stenosis were di-
vided into three groups (mild, moderate and severe flow
reduction groups) on the basis of their poststenosis an-
terior/posterior wall regional myocardial blood flow ra-
The initial myocardial distribution on thallium-20l is pro-
portional to regional myocardial blood flow (1,2). The re-
sultant inhomogeneities on initial thallium-20l images form
the basis for a diagnosis of coronary artery disease. How-
ever, after the initial myocardial distribution of thallium-
201, subsequent myocardial kinetics are important for two
reasons. First, initial defects have been shown to sometimes
diminish in size or even disappear on serial images in animal
models and in patients at rest (3,4) during ischemia-pro-
ducing interventions (5,6) and after dipyridamole-induced
hyperemia (7-9). Such transient thallium-201 defects have
been labeled "thallium-20l redistribution" and are thought
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tios. The two control dogs had similar thallium clear-
ances in the anterior and posterior left ventricular walls
during the 3 hour period, as assessed by the radiation
detectors, and by a final anterior/posterior wall thallium
ratio near unity. All three groups of dogs with coronary
stenosis had comparable fractional thallium clearances
from the anterior and posterior walls before and after
the balloon occluder inflation. The final ante-
rior/posterior left ventricular wall thallium ratios were
not significantly different than unity for all three groups
of dogs.
In conclusion, after intravenous thallium adminis-
tration, subsequent reductions in coronary artery blood
flow do not alter the myocardial thallium clearance rate.
When these data are applied to clinical exercise thallium
imaging, they suggest that myocardial ischemia after the
initial postexercise imaging probably will not affect the
delayed images or the rate of thallium clearance as as-
sessed by new quantitative computer programs.
to represent reversible myocardial ischemia. Second, re-
gional myocardial thallium-20l clearance rates have been
shown to decline in the presence of significant coronary
artery stenosis when thallium-201 is administered at a time
when flow is inhomogeneous (8,10). Diagnostic criteria based
on regional myocardial clearance rates have been applied
to recently described (11,12) quantitative computer pro-
grams for interpreting thallium-20l images. Thus, factors
that could alter myocardial thallium-20l clearance rates would
be important to recognize clinically.
Our laboratory previously reported (13) homogeneous
thallium-201 activity throughout the myocardium 15 min-
utes and 2 hours after thallium-20 I administration despite
complete occlusion of the left anterior descending coronary
artery shortly after tracer administration. However, that study
only examined the effects of ischemia and reduced blood
flow on thallium-20l clearance at two time points after
complete occlusion of the coronary artery. In this study, we
assessed the effect of reduced coronary blood flow on myo-
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Figure 2. Experimental protocol for 19 dogs with left anterior
descending (LAD) coronary artery stenosis.
Figure 1. Cadmium telluride radiation detector (Iarg~ curved
arrow) attached to modified arterial clamp. The sonomlcrometer
crystals used for monitoring changes in wall thickness are also
shown (small arrow).
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EXPERIMENTAL PROTOCOL:
teristics of the cadmium telluride probes have been reported
(14). Each probe had I mm thick lead back and side shielding.
The probes were connected with preamplifiers to a mul-
tichannel analyzer (series 30, Canberra Industries), which
allowed continuous monitoring and display of thallium-201
activity in the two regions. Radiation data were continuously
recorded on paper and magnetic tape as counts/min. Son-
omicrometer transducer crystals (3 mm in diameter) were
attached to both arms of each arterial clamp and connected
to a sonomicrometer (Fig. I) (model NI-202-4R, Norland
Instruments). Thus, after insertion of the probes, there were
sonomicrometer crystals against the endocardium and epi-
cardium of both the anterior and posterior ventricular walls.
Wall thickness was monitored continuously to correct for
changes in radioactivity resulting from changes in wall
thickness.
Experimental protocol (Fig. 2). Baseline steady state
hemodynamic measurements were recorded. Thallium-201
(1.0 mCi) was administered into the venous catheter. Si-
multaneously, regional myocardial blood flow was deter-
mined by the administration of 4.5 million tin-I 13 labeled
15 to 17 /-L microspheres (30 /-LCi total activity) into the left
atrium. Probe counts were collected continuously in 60 sec-
OislolPf1!SSIJfe
Methods
Canine preparations. Twenty-one adult mongrel dogs
(mean weight 21 kg; range 18 to 23) were anesthetized with
chloralose (140 mg/kg body weight intravenously) and ur-
ethane (1,400 mg/kg intravenously). The dogs were intu-
bated and placed on a Harvard respirator with 5 cm of
positive end-expiratory pressure and 100% oxygen. The
heart was exposed with a left thoracotomy and suspended
in a pericardial cradle. A 20 cm vinyl catheter was inserted
into the right atrium for thallium-201 administration. A sec-
ond vinyl catheter was inserted into the left atrium for mon-
itoring left atrial pressure and for injecting microspheres for
regional myocardial blood flow determinations. A no. 7
National Institutes of Health catheter was placed in the bra-
chial artery and positioned in the aortic arch to monitor
aortic pressure and to obtain specimens of blood for deter-
mination of arterial pH, partial pressure of carbon dioxide
(Peo2), partial pressure of oxygen (Po2) and microsphere
reference samples. The proximal left anterior descending
coronary artery was dissected free and an inflatable balloon
occluder was positioned but not inflated. A small vinyl
catheter was placed in a retrograde manner into a distal
branch of the left anterior descending coronary artery for
pressure monitoring distal to the balloon occluder.
Electrocardiographic lead II and pressures (P23Db
transducers, Gould Inc.) were monitored continuously
throughout the experiment and recorded on paper with a
model 7788A Hewlett-Packard recorder. Specimens of ar-
terial blood were obtained at frequent intervals to assess
pH, P02 and Peo2 . Appropriate adjustments were made to
maintain these variables in the physiologic range (pH 7.35
to 7.45 and Peo2 30 to 40 mm Hg). Arterial P02 was main-
tained between 100 and 150 mm Hg throughout the
experiment.
A miniature cadmium telluride radiation detector (Fig.
I) attached to a modified arterial clamp was inserted through
the left ventricular apex, positioned against the anterior en-
docardial wall and used for on-line monitoring of thallium-
20 I activity distal to the balloon occluder. A similar detector
was positioned against the left ventricular posterior endo-
cardial wall. The endocardial position for the detectors was
chosen so that monitored activity would be less affected by
activity from the opposite wall and the blood pool. The
anterior wall detector was positioned to face through the
open thoracotomy, thereby further reducing background ac-
tivity. A lead sheet (118 inch [0.32 cm]) was placed between
the posterior wall and the pericardium to further reduce
background activity from this probe. The physical charac-
cardial thallium-201 clearance over a range of flows. We
employed implanted miniature radiation detectors to monitor
regional thallium-201 kinetics continuously throughout the
experiment.
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ond intervals for both the anterior and posterior left ven-
tricular walls over the following 1 hour. Probe-recorded
thallium-20l activity was at least 10,000 counts/min for both
walls for all dogs.
In two dogs the balloon occluder was not inflated during
the study. In the remaining 19 dogs, 1 hour after thallium
administration, the balloon occluder was inflated such that
distal left anterior descending coronary artery pressure was
20 to 45 mm Hg. The occluder was constantly adjusted
throughout the remainder of the experiment to maintain the
initial distal left anterior descending coronary artery pres-
sure. When anterior and posterior left ventricular wall thick-
nesses had stabilized (always within 10 minutes of occlu-
sion), probe counts were collected continuously in 60 second
intervals for 3 hours. At the end of this period, scandium-
46-labeled microspheres were injected into the left atrium.
The total number, mean size and total radioactivity of the
scandium-46 microspheres were approximately the same as
for the tin-l 13 microsphere injection. Arterial reference blood
samples were collected for 2 minutes after each microsphere
injection. The dogs were then sacrificed.
After sacrifice, the heart was removed and the left ven-
tricle was sliced from apex to base in 1 cm slices. The slices
were then stained with triphenyltetrazolium chloride using
a method previously described. The technique has been
shown to accurately detect recent infarction 3 hours after
occlusion (15). The areas of myocardium under the probes
were then subdivided into a total of 48 inner, middle and
outer segments (0.8 to 1.2 g/segment). The myocardial and
blood microsphere reference samples were counted after
thallium-20l activity had decayed 2 to 3 half-lives. Serial
blood samples were counted for thallium-201 activity within
12 hours of collection. All samples were counted in a well
counter (Auto-Gamma scintillation spectrometer, Hewlett-
Packard Co.) for 5 minutes to collect at least 10,000
counts/isotope. The thallium-20l was counted within a 60
to 120 keV window, the tin-113 within a 350 to 435 keV
window and the scandium-46 within a 800 to 1,200 keV
window. A computer program was used to correct for ac-
tivity spilling from one window into another. Regional myo-
cardial blood flow was calculated by computer VAX 111780,
Digital Equipment Corp., from the sample activity and the
activity in the reference blood samples obtained simulta-
neously with the administration of each isotope (16). Myo-
cardial blood flow was expressed in mllmin per g of tissue
and as a flow ratio of the left anterior descending coronary
artery zone (stenosis zone) divided by the left circumflex
coronary artery zone (no stenosis zone).
Data analysis. The 19 dogs with coronary artery ste-
nosis were divided into three groups based on their post-
stenosis anterior/posterior wall regional myocardial blood
flow ratios. The mild stenosis group (n = 6) had stenosis/no
stenosis zone flow ratios of 0.60 or greater, the moderate
stenosis group (n = 10) had flow ratios of 0.30 or greater,
and less than 0.60, and the severe stenosis group (n = 3)
had flow ratios less than 0.30.
Probe-determined thallium-201 counts were plotted against
time for the anterior and posterior left ventricular walls
before and after left anterior descending coronary artery
occlusion. Fractional thallium-20l clearance was starting
counts minus final counts/starting counts. Fractional thal-
lium-201 clearance for a 1 hour period was calculated for
both walls before coronary artery occlusion, and for a 3
hour period after coronary artery occlusion. Myocardial and
blood time-activity curves were also analyzed using a com-
puter-assisted, nonlinear least-squares estimation of the de-
cay constant lambda (min -I). Curves were best fit to either
a monoexponential, biexponential or triexponential fit. In
the case of a triexponential fit, lambda-l was the initial
decay constant, lambda-2 the intermediate decay constant
and lambda-3 the final decay constant. Thallium-20l well
counts from the 24 anterior wall myocardial samples and
the 24 posterior wall myocardial samples were averaged and
expressed as a final anterior/posterior wall (stenosis/no ste-
nosis) thallium-201 ratio.
Statistical methods. All results are expressed as mean
± 1 standard deviation. Differences between groups of dogs
were analyzed by a one way analysis of variance and the
Newman-Keuls multiple comparison test. Differences be-
tween the stenotic and nonstenotic myocardial zones for
each group of dogs were analyzed by a paired t test.
Results
Triphenyltetrazolium chloride staining demonstrated no
areas of necrosis for the 21 dogs.
Hemodynamic data (Table 1). Heart rate and left atrial
pressure did not change significantly during the 4 hour ex-
periment among the three groups of dogs. Mean aortic pres-
sure did not change significantly during the experiment for
the mild and moderate stenosis groups. However, dogs in
the severe stenosis group experienced a decrease in mean
aortic blood pressure after the balloon occluder was inflated
(probability [p] < 0.05). Distal left anterior descending
coronary artery pressure decreased significantly in all three
groups of dogs after the balloon occluder was inflated. Re-
gional myocardial blood flow was not significantly different
in the anterior and posterior left ventricular walls, and be-
tween the three groups of dogs before the balloon occluder
was inflated. Regional myocardial blood flow for the an-
terior (stenosis) wall was significantly less than that for the
posterior (no stenosis) wall in all three groups of dogs after
the balloon was inflated (p < 0.001). There was no signif-
icant difference in posterior wall regional myocardial blood
flows between the three groups of dogs after balloon infla-
tion. There was a progressive reduction in the ante-
rior/posterior regional myocardial blood flow ratio from the
mild to the moderate, and then from the moderate to the
Table 1. Hemodynamic Data
Heart Rate
Pressures (mm Hg) Flows (cc/min per g)
(beats/min) Mean Aortic DLAD LA Control Occl
Group Cont Occl End Cont Occl End Cont Occl End Cont Occl End LAD LCx Ratio LAD LCx Ratio
Mild 155 158 156 96 89 87 91 38 38 3.3 3.3 4.0 1.20 1.22 0.98 0.58 0.88 0.67
stenosis ± II ± 18 ± 15 ± 13 ± 8 ± 8 ± 13 ± 4 ± 4 ± 1.7 ± 1.7 ± 2.6 ± 0.35 ± 0.35 ± 0.09 ± 0.09 ± 0.19 ± 0.07
(n = 6)
Moderate 155 154 ISS 91 91 88 92 39 39 4.7 5.3 4.1 1.39 1.26 1.09 0.63 1.19 0.51
stenosis ± 13 ± IS ± 18 ± II ± 14 ± 12 ± 10 ± 4 ± 4 ± 1.6 ± 1.8 ± 2.2 ± 0.33 ± 0.25 ± 0.13 ± 0.22 ± 0.29 ± 0.09
(n = 10)
Severe 175 160 155 95 80 78 95 20 20 2.3 3.3 3.0 1.52 1.39 1.11 0.12 1.75 0.08
stenosis ± 25 ± 22 ± IS ± 8 ± 8 ± 3 ± 10 ± I ±I ± 1.7 ± 2.0 ± 2.2 ± 0.28 ± 0.29 ± 0.13 ± 0.02 ± 0.76 ± 0.04
(n = 3)
See text for statistical comparisons. Cont control before occlusion; DLAD distal left anterior descending coronary artery;
end = just before sacrifice; LA = left atrial; LAD = left anterior descending coronary artery zone (stenosis); LCx = left circumflex coronary artery zone (no stenosis);
Occl = after occlusion.
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severe stenosis groups (p < 0.001). There was no significant
change in anterior or posterior wall thickness during the
periods of thallium-20l activity monitoring.
Thallium-20t clearancedata: (Table 2). All three groups
of dogs with coronary stenosis had comparable fractional
thallium-20l clearances from the anterior and posterior walls
before the balloon occluder inflation. There was also no
significant difference in the fractional thallium-20l clear-
ances from the anterior and posterior walls during the 3 hour
period after the balloon occluder was inflated. The final
anterior/posterior left ventricular wall thallium-20l ratios
were not significantly different in all three groups of dogs.
Myocardial thallium-20l clearance was found to be mono-
exponential during the occlusion period for both the an-
terior (stenosis) and posterior (no stenosis) left ventricular
walls. The correlation coefficient (r) values ranged between
0.93 and 0.98 for the monoexponential fits. The decay con-
stants did not differ significantly between the anterior and
posterior walls for all three groups of dogs.
The two control dogs had mean 4 hour fractional clear-
ances of 0.338 from the anterior wall and 0.337 from the
posterior wall. The mean final anterior to posterior wall
thallium-20l ratio was 1.01 for these two dogs.
Figure 3 demonstrates the thallium-20l time-activity curves
from one dog with mild stenosis after balloon occluder in-
flation. The thallium-20l fractional clearance was 26% for
the anterior wall and 27% for posterior wall over a 3 hour
period.
Discussion
The finding ofthallium-201 redistribution on serial myo-
cardial images has been used to distinguish initial defects
due to reversible ischemia from those due to scar (4,5,7).
Regional myocardial thallium-201 clearance has been used
as a successful criterion for the presence of coronary artery
disease in quantitative computer programs for interpreting
serial thallium-20l images in patients (11,12). For these
reasons, it is important to recognize factors that can alter
Table 2. Thallium Clearance Data
Fractional Tl Clearance
myocardial thallium-201 clearance and thus the rate of thal-
lium-201 redistribution. Our laboratory and others have shown
that thallium-201 redistribution can occur at rest (3,4), with
transient ischemia due to exercise (5,6) and after dipyri-
damole-induced hyperemia (7-9). Thallium-201 redistri-
bution can occur despite no intervening change in coronary
artery blood flow (3, 10,17). The fact that thallium-20 I re-
distribution begins early after tracer administration has been
demonstrated in animal models and patients (18-20). Whar-
ton et al. (21) showed that the rate of thallium-201 redis-
tribution is increased by shortening the time before exper-
imental occlusion release after tracer administration and by
increasing the postocclusion release hyperemic response.
Effect of ischemia on thallium-20t clearance. Our lab-
oratory (13) reported homogeneous thallium-20l activity at
15 minutes and 2 hours after thallium-20l administration,
even though the left anterior descending coronary artery was
completely occluded 10 minutes after tracer administration.
In the present study, we extended our observations to include
monitoring myocardial thallium-20l activity continuously
rather than at only two points. In addition, we examined
the effects of graded flow reductions (ranging from mild to
moderate to severe) on myocardial thallium-20l clearance.
There was no effect of mild, moderate or severe flow re-
ductions on myocardial thallium-20l clearance as assessed
by the miniature radiation detectors. These results were
confirmed by the anterior/posterior left ventricular wall thal-
lium activity ratio of near unity at the end of the experiment.
In this study, mean aortic pressure decreased after the
balloon occluder was inflated only in the severe stenosis
group. If this decrease in aortic pressure had caused a re-
duction in left circumflex coronary artery flow, then this
might have caused a directional change in thallium clearance
similar to that seen in the anterior wall. However, left cir-
cumflex coronary artery flow actually increased in response
to reduced left anterior descending coronary artery flow.
Our laboratory and others (10,22) have examined the
effect of reduced coronary blood flow on thallium-20l up-
take and clearance using a model wherein the flow reduction
Control (lh)
LAD LCx
Occlusion (13 h)
LAD LCx
Decay Constant (min - I)
During Occlusion
Final
LAD/LCx
Tl Ratio
Mild stenosis
(n = 6)
Moderate stenosis
(n = 10)
Severe stenosis
(n = 3)
0.149
:t 0.079
0.183
:t 0.137
0.284
:t 0.264
0.142
:t 0.074
0.177
:t 0.162
0.272
:t 0.242
0.199
:t 0.065
0.279
:t 0.080
0.214
:t 0.029
0.186
:t 0.059
0.262
:t 0.099
0.230
:t 0.041
0.00168
:t 0.00069
0.00213
:t 0.00065
0.00163
:t 0.00020
0.00142
:t 0.00043
0.00201
:t 0.00079
0.00175
:t 0.00027
1.04
:t 0.10
0.98
:t 0.09
1.02
:t 0.04
See text for statistical comparisons. Control = from Tl injection until occlusion; LAD = left anterior descending coronary artery zone (stenosis);
LCx = left circumflex coronary artery zone (no stenosis); Occlusion = from occlusion until sacrifice; Tl = thallium.
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MILD STENOSIS
Figure 3. Thallium-201 (Tl) time-activity curves
from one dog with mild stenosis after balloon oc-
cluder inflation. The thallium-201 fractional clear-
ance was 26% for the anterior wall (left) and 27%
for the posterior wall (right) over a 3 hour period.
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was present at the time of thallium-201 administration. These
studies demonstrated a slow thallium-20l uptake, then slow
initial clearance from the flow-reduced myocardium. The
results of the present study showing no effect of ischemia
or reduced flow on thallium-20l clearance after tracer load-
ing of the heart suggest that the slow initial clearance from
the flow-reduced myocardium in these previous studies was
due to slow uptake rather than reduced clearance from the
myocardium. These previous studies also demonstrated sim-
ilar late clearance rates for the normal and flow-reduced
zones, again suggesting that reduced flow has no effect on
myocardial thallium-201 clearance.
In another study, Gewirtz et a1. (23) loaded canine hearts
with an intravenous dose of thallium-20l before occluding
and then releasing occlusion of the left anterior descending
coronary artery. The combination of 10 minutes of severely
reduced flow followed by reactive hyperemia after release
of the occlusion had no combined effect on the myocardial
thallium-20l clearance. Grunwald et a1. (24) also loaded
the heart with thallium-20l before reducing coronary artery
blood flow. However, these investigators administered thal-
lium-20l directly into the coronary artery, thereby reducing
systemic recirculation of the tracer and continued thallium-
201 uptake by the heart. As perfusion was reduced, the
resultant intrinsic myocardial thallium-20 I clearance was
delayed. When these data are combined with the results of
the present study, it appears that as coronary blood flow
and recirculation thallium-201 uptake are reduced, the in-
trinsic myocardial thallium-20l clearance decreases. The
net result is a myocardial clearance rate not different from
that in a normally perfused myocardial zone.
Advantages of miniature radiation detectors. We em-
ployed implanted miniature cadmium telluride radiation de-
tectors in this study. The anterior wall endocardial position
of the probe facing outward through the open chest virtually
eliminated background activity. The posterior wall endo-
cardial position of the probe facing outward toward the liver,
in addition to the lead shield between the liver and heart,
also virtually eliminated background activity from this probe.
The background problems that arise when attempting to
monitor myocardial thallium-20l activity with an external
gamma camera have been documented by Steingart et a1.
(25). The advantages of the probe technique compared with
the biopsy technique include the following: 1) The probe
technique allows continuous on-line monitoring of myo-
cardial thallium-20l activity. 2) The biopsy technique is
technically difficult, destroys myocardial tissue and can only
sample a particular piece of myocardium one time. We have
validated the probe technique and used it to monitor regional
myocardial thallium-20l activity in normal, flow-reduced
and dipyridamole-induced hyperemia-supplied myocardium
(8,10,13,26).
Conclusions. After intravenous thallium-20l adminis-
tration, subsequent reductions in coronary artery blood flow
do not alter the myocardial thallium-201 clearance rate.
When these data are applied to clinical exercise thallium-
20 I imaging, they suggest that myocardial ischemia after
the initial postexercise thallium imaging probably will not
affect the delayed images or the rate of thallium-20 I clear-
ance as assessed by new quantitative computer programs.
When these data are applied to serial rest images in a patient
with an acute myocardial infarction, they suggest that an
extension of the infarct or ischemic process probably will
not result in an enlargement of the original defect on the
delayed images.
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